
 

 

ISSN 2385-2755    

Working papers  

(Dipartimento di scienze sociali ed economiche)  

[online] 

 

 

 

SAPIENZA – UNIVERSITY OF ROME 
P.le Aldo Moro n.5 – 00185 Roma   T (+39) 06 49910563 F (+39) 06 49910231 
CF 80209930587  -   P.IVA 02133771002        

WORKING PAPERS SERIES 

DIPARTIMENTO DI  

SCIENZE SOCIALI ED ECONOMICHE 

n. 5/2018 

 

 

 

Where does “dirty” money go?  

A gravity analysis. 

Authors: 

 

Valentina Gullo & Pierluigi Montalbano 

 



1 
 

Where does “dirty” money go? A gravity analysis 

Valentina Gullo1 and Pierluigi Montalbano2 

July 2018 

Abstract 

The applied literature on illicit (“dirty”) money flows looks at the gravity equation as a natural 
strategy to control for characteristics of both “source” and “destination” countries. Unfortunately, the 
existing empirical literature on dirty money flows lacks solid theoretical underpinnings. We 
contribute to this literature in several ways: i) we exploit the theory of portfolio investment flows  to 
estimate robust parameters (by applying both LSDV PPML techniques) on financial flows on a global 
scale ii) we derive a global picture of anomalous (i.e. unpredicted) money flows over time; ii) we 
identify possible correlations between these anomalous flows and “dirty money” determinants. Our 
results show that theoretical based gravity models provide a more robust way to look at “dirty” 
money flows than their ad hoc counterparts and open the ground to key policy implications: i) instead 
of spending time and effort tracing the exact path of “dirty” money flows, a global map of anomalous 
financial activities can be built by exploiting official statistics; ii) rather than focusing only on “off-
shore financial centers”, we could assess the attractiveness to dirty money flows of each destination 
to a given origin by exploiting bilateral flows and the characteristics of their dyadic relationship. 
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1. Introduction 

The growing significance that the issue of “dirty” money flows3 has been gaining over the past 

decades among both policy makers and scholars gave rise to the need for a deeper understanding 

of the “grey areas” of global finance. These grey areas are typically identified in the activities of 

the so-called Offshore Financial Centers (OFCs), that are Small Island Territories - characterized 

by remoteness and a small economic dimension - that seek to attract financial resources, 

investments and assets by relaxing financial regulations and/or fiscal regimes (Rose, Spiegel, 

2007; Unger and Rawlings, 2008; Gnutzmann et al., 2010). As a result, after the crisis, one of the 

most immediate and debated policy reactions of the G20 had been directed to target OFCs and in 

particular the advantages they offered in terms of low-taxation-schemes and financial secrecy, 

since regulatory gaps are fundamental to shadow banking as well as to a wide range of illicit 

activities such as tax evasion or money laundering. The costs and benefits of compliance with 

international Anti-Money Laundering and financial transparency rules and standards for these 

countries, together with their particular risk-perception and the effects they may have on the 

behavior of global financial flows, have been investigated by various scholars (Christensen and 

Hampton 2007; Picciotto 1999; Masciandaro and Portolano, 2003; Geiger and Wuensch, 2007; 

Gnutzmann et al., 2010). However, we still lack reliable data needed to investigate the “dirty” 

money flows phenomenon on a global scale. This is an under investigated field of analysis. To 

                                                        

3 Notwithstanding the fact that “dirty” money flows and money laundering (ML) flows are often used as synonyms, they 
are not the same thing. “Dirty” money flows across countries are likely to represent only one of the possible stages of 
money laundering activities. These activities consist of many operations of concealment and fractioning of funds to make 
their illegal source untraceable (Schneider and Windischbauer, 2008). A critical issue concerns the difficulty in 
distinguishing between economic flows originating from criminal revenues and anomalous flows that may stem from tax 
evasion or underground economy in general. This is the reason why producing estimates of money laundering (defined as 
the whole process of “laundering” of profits deriving from criminal activities) is a delicate and risky issue, and will not be 
the focus of our work. We aim to understand “dirty” money flows by considering them only as one of the phases in money 
laundering. 
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this end, applied literature on illicit/sub-legal financial flows looks at the gravity equation as a 

natural empirical strategy to estimate the phenomenon controlling for the characteristics of both 

“source” and “destination” countries (see, inter alia, Walker 1999 and Walker and Unger, 2009). 

Unfortunately, this workable empirical strategy lacks solid theoretical underpinnings.  

Aware that money laundering consists of many phases of layering and concealing of the illicit 

source of money, it would be unrealistic to try to trace the exact path of the capital from source 

to destination. What we can do, however, is to assess which countries register anomalous 

amounts of transactions as well as understand whether these anomalies are related to illicit 

activities in the country of origin and/or to an excessive laxity of financial system regulation and 

controls in the country of destination. 

Our contribution to this literature is two-fold: i) we rely on the theory of portfolio investment 

flows (Okawa and van Wincoop, 2013) to empirically derive a global picture of anomalous (i.e. 

unpredicted) money flows over time; ii) we rely on the literature on money laundering (Walker 

and Unger, 2009) to identify possible correlations between these anomalous flows and their most 

common determinants. Since to the best of our knowledge there are no calibrated parameters 

deriving from an empirical estimation of Okawa and van Wincoop’s theoretical model on a 

global scale, we conduct our own empirical exercise by estimating the model by Least Square 

Dummy Variables (LSDV) and Poisson Pseudo Maximum Likelihood (PPML) using CPIS 

(IMF) data. We then use studentized residuals to rank anomalous flows and check the existence 

of possible nexus with “dirty” money flows and a set of explanatory variables that relate to non-

compliance with international transparency standards and Anti-Money Laundering (AML) rules. 

Our results show that theoretically-based gravity models provide a more robust way to look at 

“dirty” money flows than their ad hoc counterparts. Furthermore, we show that non-compliance 
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with international transparency standards affects the probability of observing anomalous flows in 

global financial data. This work provides two main policy implications: i) instead of spending 

time and effort tracing the exact path of “dirty” money flows, we can build a global map of 

anomalous financial activities by simply exploiting official statistics; ii) rather than focusing on 

offshore financial centers, we could assess the attractiveness to dirty money flows of each 

destination to a given origin by exploiting the characteristics of their dyadic relationship and 

bilateral flows.. 

The paper is organized as follows: in Section 2 we briefly review the literature on “dirty” money 

flows and on gravity models of finance; in Section 3 we present the empirical strategy; in Section 

4 we present the dataset and some descriptive statistics; in Section 5 we estimate Okawa and Van 

Wincoop’s model and assess the impact that variables related to “dirty” money flows have on the 

probability that an observation is an outlier; in Section 6 we present a sensitivity analysis; 

Section 7 concludes. 

2. Gravity Models and “dirty” money flows: a literature review 

Gravity models have been successfully applied to the empirical estimation of various kinds of 

flows (e.g. trade, financial, immigration, FDI). In this brief literature review, we will present 

some theoretical frameworks for gravity models of financial flows and the main empirical 

estimations of gravity models using financial data. Then, we will explain how the literature on 

money laundering has tried to employ ad hoc gravity equations to get a figure for “dirty” money 

flows around the world and the strengths and drawbacks of this approach. Finally, we include 

two seminal papers by Rose and Spiegel (2007) and Cassetta et al. (2014) that study the issue of 

Offshore Financial Centers and “dirty” money flows by means of gravity equations. 

Starting from theoretical frameworks modeling financial flows in a gravity form, Martin and Rey 
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(2004) elaborated a two-country model with an endogenous number of financial assets, 

explaining the role of financial integration in decreasing the cost of capital, the increase of asset 

prices with investor base and how market size determines international financial flows. 

Subsequently, Okawa and van Wincoop (2012) presented a gravity framework based on the 

theory of portfolio investment flows where bilateral financial flows are positively driven by a 

size factor - that is the total equity holdings of destination and supply of equity of origin 

countries divided by world demand (supply) - and negatively affected relative frictions, 

conceived as asymmetric information.  

A parallel strand of the empirical literature applied gravity equations to capital flows, supporting 

the hypothesis that informational asymmetries are responsible for the strong negative 

relationship between asset trade and distance: see, for instance, Portes et al (2001) and Portes and 

Rey (2004) who showed how the geography of information is the main determinant of the 

pattern of international financial flows. 

A number of other scholars investigated the determinants of financial flows. Ghosh and Wolf 

(2000) showed that, when controlling for other factors, location matters for determining access to 

financial markets. Conversely, Aviat and Coeurdacier (2005) exploring the complementarity 

between bilateral trade in goods and bilateral asset holdings in a simultaneous gravity equations 

framework, found that - controlling for trade - the impact of distance on asset holdings is 

drastically reduced. Differently, Buch (2005) found that distance has a significant impact on 

banking flows and that its effect has not quite changed over time. Along the same lines, Guerin 

(2006) found that geographical factors have a non- negligible role in explaining the allocation of 

FDI and portfolio investment flows as well as trade. Lane and Milesi Ferretti (2008) confirmed 

bilateral equity holdings to be strongly correlated with bilateral trade in goods and services and 
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that larger bilateral positions are also associated with informational proximity. Eichengreen and 

Luengnaruemitchai (2008) compared cross-country holdings in Asia with cross-country holdings 

in other regions to examine the extent of bond market integration across regions and over time. 

As for the European context, Coeurdacier and Martin (2008) analyzed the impact of the euro on 

the determinants of trade in bonds, equity and banking assets to disentangle the different effects 

that the euro may have on cross-border asset holdings for both Eurozone countries and countries 

outside the Eurozone. Other studies focused on the role of institutions as well as social and 

cultural factors on financial flows. Among others, Papaioannou (2008) found that the historically 

predetermined component of institutional development is also a significant correlate of 

international bank inflows. Aggarwal et al. (2011), incorporating Hofstede’s cultural dimensions 

of individualism, masculinity, power distance and uncertainty avoidance showed how cultural 

traits in both source and destination countries, as well as the cultural distances that separate 

them, interact with geographic distance and other gravity variables to determine global portfolio 

investment patterns. They find that while distance always deters investments, culture and cultural 

proximity can offset this effect. Along the same lines, Karolyi (2016) conducted an empirical 

analysis of the role of cultural distance in explaining the foreign bias in international portfolio 

holdings and confirmed the importance of taking into account cultural proximity. 

Due to the success of empirical gravity equations in estimating diverse kinds of flows, some 

attempts have been made to use them to estimate specifically “dirty” money flows (see, for 

instance Walker (1999), partially revised by Walker and Unger (2009)). The latter are gravity 

equations formulated ad hoc for the estimation of “dirty” money flows (Money Laundering in 

particular) with applications for Australia and the Netherlands. 

Specifically, Walker (1999) assumed that the share of proceeds from crime generated in country 
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𝑖 and sent to country 𝑗 positively depends on the “attractiveness” of 𝑗 and negatively on the 

distance between 𝑖 and 𝑗. The dependent variable in Walker’s equation, named 𝐹𝑖𝑗, is the amount 

of “dirty” money flowing from 𝑖 to 𝑗 where flows are expressed as the share directed to 𝑗 of the 

total outflows of 𝑖. The attractiveness term (of the destination country) is proxied by a set of 

variables such as: banking secrecy, government attitude, swift membership, conflicts and 

corruption. The two latter right-hand side controls are multiplied by fixed parameters set by the 

author by means of an “inspirational guess”. As for the distance, Unger (2009) proxied it with 

“cultural factors”, namely, sharing a common language, having colonial ties or being major 

trading partners. She also included in the attractiveness term a dummy indicating membership to 

the Egmont Group (a cooperative organization of Financial Intelligence Units) and the size of 

Financial Sector (measured as the amount of deposits). Unfortunately, there is no theory 

underlying the above empirical correlates4. Moreover, the authors apply the gravity equation to 

an estimation of money laundering flows, obtained from an estimation of criminal revenues 

which are inherently measured with error.5 

A workable attempt to overcome this last issue has been taken by Ferwerda (2012) who 

concentrated on Trade Based Money Laundering (TBML). It referred to criminal proceeds that 

are transferred around the world using fake invoices that mis-value imports and exports. He thus 

applied a traditional gravity equation to a dataset of TBML flows from U.S. to the rest of the 

                                                        

4 For instance, there is no economic theory stating that Bank Secrecy counts three times more than Swift Membership in the 

decision-making process of the criminal organization that must allocate its funds, as stated in the Walker-Unger models 

5 Walker (1994) estimated the proceeds of crime in Australia and the proportion of those proceeds that are likely to be laundered. 

He estimated the extent of recorded and unrecorded crime, and took only the property loss components of the costs as being equal 

to the proceeds of crime (Unger, 2009). Depending on the crime type, proceeds were discounted. Since no actual data could 

measure the extent of laundering, Walker conducted an expert survey to determine the proportions of proceeds likely to be 

laundered. The estimates produced by the model are therefore tested on other estimates and this fact may make their reliability 

questionable. 
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world (Zdanowicz, 2009) and found that the traditional gravity model for trade can explain 

TBML flows worldwide in a plausible manner, suggesting that criminals may use TBML in 

order to escape the stricter anti-money laundering regulations of financial markets. 

Finally, we should mention two seminal works that merge the empirical literature on financial 

gravity models and that on “dirty” money flows: Rose and Spiegel (2007) who investigated the 

determinants of cross-border asset holdings with a gravity model, making use of data from the 

Coordinated Portfolio Investment Survey of IMF. They show that some countries attract more 

assets than expected and are more likely to be OFCs; Cassetta et al. (2014) who investigated data 

on the Italian cross-border bank transfers from 2007 to 2010 from UIF’s S.Ar.A archive through 

a gravity model and constructed an index of anomaly, finding a positive and statistically 

significant correlation between the index and the rate of crime in the province of origin of the 

funds and with foreign jurisdictions’ financial opacity. 

3. Empirical strategy and identification 

Our hypothesis is that, even if gravity models can be a workable tool for investigating “dirty” 

money flows, the use of ad hoc empirical equations that lack theoretical foundations should be 

avoided. Our identification strategy for “dirty” money flows looks instead at the differences 

between actual flows and flows predicted by the theoretically based gravity model. To this end, 

we estimate expected financial flows by a theoretically based gravity equation derived from 

Okawa and van Wincoop (2012) and “clean” the residuals as much as we can to get a workable 

measure of anomalous flows. We thus provide empirical evidence on which places attract more 

funds than expected and from where (i.e. which bilateral flows present higher anomalies in terms 

of residuals). We are aware that the residuals of our gravity equation do not contain exclusively 

“dirty” money flows, but also other possible sources of unobservable confounders. Conversely, 
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some of the “dirty” money flows may be captured by the parameters in our fixed effects’ 

specification. However, if we prove that the probability of observing an anomalous flow (i.e. 

outlier residuals) is positively and significantly related to the most common risk factors for dirty 

money flows, mapping anomalies would result in mapping the risk of observing illicit financial 

activities between a given country pair. This is key for policymaking allowing us to go beyond 

the standard focus on Off-shore financial centers. First, it provides the first global picture of risk 

to illicit flows that are unobservable otherwise. Second, it provides the first accurate analysis of 

the attractiveness of dirty money flows of each destination to a given origin as well as the 

characteristics of their dyadic relationship.  

The gravity framework presented by Okawa and van Wincoop (2012) is based on the theory of 

portfolio investment flows. In this setting, bilateral financial flows are positively driven by a size 

factor, that is the total equity holdings of destination and supply of equity of origin countries 

divided by world demand (supply) - and negatively affected by relative frictions. Those frictions 

act as multilateral resistances in the literature on trade flows and have the same scope and 

structure as in gravity models for trade (see Anderson and Van Wincoop, 2003). However, while 

in trade gravity they are modeled as ad valorem tariffs (relative prices), they should be conceived 

as asymmetric information in a financial gravity setting. Starting from the theoretical framework 

provided by Okawa and Van Wincoop (2012), we can derive a gravity equation of financial 

flows in the form of: 

𝑋𝑖𝑗 =
𝑆𝑖𝐸𝑗

𝐸

𝛱𝑖𝑃𝑗

𝜏𝑖𝑗
             (1) 

where 𝑋𝑖𝑗 represents financial flows from country i to country j. 
𝑆𝑖𝐸𝑗

𝐸
 is a size factor composed by 

the ratio of equity supply in country i (𝑆𝑖) times equity demand in country j (𝐸𝑗) on world 
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demand of equity (E). 𝜏𝑖𝑗 represents bilateral frictions, so 
𝛱𝑖𝑃𝑗

𝜏𝑖𝑗
 is a relative friction, where 𝛱𝑖 and 

𝑃𝑗 are multilateral resistance variables that measure the average financial frictions for countries i 

and j. 

By log-linearization of Eq.1, Okawa and Van Wincoop (2013) get the following empirical 

equation: 

𝑙𝑛(𝑋𝑖𝑗) = − ∑ 𝜙𝑚
𝑀
𝑚=1 𝑧𝑖𝑗𝑡

𝑚 + 𝜂𝑖𝑡 + 𝜉𝑗𝑡 + 𝜖𝑖𝑗𝑡                  (2) 

where they assume 𝑙𝑛(𝜏𝑖𝑗) = ∑ 𝜙𝑚
𝑀
𝑚=1 𝑧𝑖𝑗𝑡

𝑚 , in which financial frictions are related to M 

observables. It is worth stressing that 𝑧𝑖𝑗𝑡
𝑚  must be thought of as factors affecting information 

frictions. In our empirical analysis, 𝑙𝑛(𝑆𝑖) + 𝑙𝑛(𝛱𝑖/𝐸) and 𝑙𝑛(𝐸𝑗) + 𝑙𝑛(𝑃𝑗) are substituted with 

country/counterpart-time specific dummies 𝜂𝑖𝑡 + 𝜉𝑗𝑡 (Okawa and Van Wincoop, 2013).6 

To assume that the error terms of Eq. 2 may be correlated with anomalous investments 

(eventually linkable with illicit activities), we should clean 𝜖𝑖𝑗𝑡 as much as possible of other 

sources of heterogeneity. To this end, we estimate our model by using different estimation 

techniques - LSDV and PPML – and by adding a full set of fixed effects (country-time, 

counterpart-time and pair fixed effects). These absorb all the traditional gravity variables, with 

country-time and counterpart-time fixed effects capturing time-variant characteristics of origin 

and destination countries and pair fixed effects capturing both distance and bilateral linkages 

proxying time-invariant bilateral financial frictions and also preventing reverse causality. This 

specification is also very parsimonious in data needs (Head and Mayer, 2014). As indicated by 

Santos Silva and Teneyro (2016), PPML is the method through which we obtain the best results 

                                                        

6 See the Appendix for full derivation of the model 
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in terms of robustness and unbiasedness. Furthermore, we employ robust errors clustered over 

country pairs, controlling also for heteroskedasticity in our data. 

We thus perform an analysis of the residuals of the estimated gravity model to reveal anomalies 

in international portfolio investment flows and then check to what measure the outlier status of 

an observation is due to financial secrecy other than other control variables. 

4. Data and descriptive statistics 

In this work, we consider “dirty” money flows to be any “illicit” revenue (also from tax evasion 

and tax avoidance) leaving one country to be sent to another. We focus our attention on portfolio 

investment flows since capital market investments can actually occur in various phases of money 

laundering. Money is often invested in financial assets so as to avoid holding large amounts of 

ill-gotten cash, but financial investments can also be used in the layering phase, or for placing the 

money in its final spot. Assets serving this scope are generally low risk, so the chances of losing 

money are small, plus portfolio investments are a very fast and convenient way to move capital 

around the globe (Unger, 2017). 

While direct investments are more related to controlling or influencing the decision-making 

process of the enterprise to which the investment is directed and are usually associated with 

long-lasting relationships, portfolio investments are a direct way to access the financial markets, 

due to their characters of liquidity and flexibility. This is the main reason why we find 

attempting to check if cross-border portfolio transactions can be associated with illicit activities 

interesting: illicit funds can be rapidly “dissolved” in the global financial flows and can be 

converted back into cash very easily. Moreover, laundered funds may often be co-mingled with 

lawful transactions, making us think that we could register a higher degree of anomaly between 

those country-pairs that also share a high level of bilateral investments. 
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Since we are interested in assessing the global patterns of dirty money flows, the dependent 

variable of our gravity estimation is the total bilateral international portfolio holdings, for the 

period 2001-2015. The data source is the Coordinated Portfolio Investment Survey (CPIS) of the 

IMF. The purpose of the survey is to collect information on the stock of cross-border holdings of 

equities, investment funds shares, long-term debt securities, and short-term debt securities, 

valued at market prices and broken down by the economy of residence of the issuer (Central 

bank reserve holdings are excluded). For each participating economy, the CPIS reports holdings 

in all destination economies. 

For the purpose of our gravity analysis, we create an unbalanced panel merging CPIS data with 

CEPII gravity dataset. 

We acknowledge some well known problems with CPIS data, e.g.: i) incomplete country 

coverage; ii) possible under-reporting of assets by CPIS participants due to in-complete 

institutional coverage; iii) third party holding since the survey responses in some countries may 

be based on custodians. We believe that these elements do not affect our analysis. 

As for the “sample selection bias”, since major asset holders participate regularly in the survey 

and since the share of portfolio investment activities of non-participants is negligible, we believe 

that it is not a major issue in our case. Indeed, we have a sample of 85 origin and 214 destination 

countries, including 21 origin OFCs and 32 destination OFCs (Table 2), which approximately 

attract 20% of total portfolio investment flows (Figure 3). In figure 1 we report a geographic 

breakdown of total flows, showing that the majority of investments come from and are directed 

to Europe, the Americas and Asia. However, this distribution slightly changes if we only 

considered flows to OFCs (Figure 2). In fact, Offshore jurisdictions in the Americas are those 

attracting more portfolio investment flows, followed by Europe and Oceania.  
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The second problem with CPIS data - possible under-reporting of assets - is controlled for by 

variables proxying for institutional and data collection quality, such as per capita GDP or 

country-time and counterpart-time fixed effects.  

The problem of third-party holding, is not a source of bias for our analysis since getting 

information on the final destination of financial flows is not our main objective. In other words, 

we are not interested in the true ownership of assets held in a country, rather we want to assess 

whether some locations attract more portfolio investments than expected and whether this relates 

to secrecy differentials which are known to be exploitable to hide the true ownership of an asset 

(see, among others, Christensen, 2012; Cobham et al., 2015; Ledyaeva et al., 2015).. 

As part of the preliminary explorative analysis of our data, we plotted the growth rate of 

investment flows splitting our sample into Offshore and non-Offshore countries (Figure 4). Here 

we noted that notwithstanding OFCs have been subject to increasing regulatory restrictions       

after the last global financial crisis portfolio investment flows to OFCs kept climbing over flows 

directed to other countries. Figure 5 shows how OFCs have on average a higher degree of 

financial secrecy, compared to non-OFCs7. Financial secrecy is thus still used to alleviate the 

“remoteness” condition of a Small Island Territory, even supporting reputational costs (Hampton 

and Christensen, 2002; 2007). 

5. Empirical analysis 

Our empirical analysis adopts a two-step strategy. First, we estimate the value of the coefficients 

able to predict portfolio flows consistently with the Okawa and van Wincoop (2013) gravity 

model. Second, we perform an analysis of the residuals of the estimated gravity equation to 

                                                        

7 However, very large countries such as the United States appear to have a very high ranking in the FSI 
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reveal patterns of anomaly in the international portfolio investment flows and assess their 

correlation with financial secrecy and other variables normally associated  to “dirty” money 

flows by the related literature. To assume that the error terms in Eq. 2 may be correlated with 

anomalous investments (eventually linkable with illicit activities), we should clean 𝜖𝑖𝑗𝑡 as much 

as possible of unobservables. To this end, in the first step, we estimate our model by using 

different estimation techniques (LSDV and PPML) with a full set of fixed effects (country-time, 

counterpart-time and pair fixed effects) proxying for multilateral resistances. Because of the 

presence of heteroskedasticity and many zero flows, PPML estimates have been preferred to the 

traditional LSDV estimation (Santos Silva and Teneyro, 2006). 8  Furthermore, in all the 

specifications we employ robust errors clustered over country pairs to get rid of 

heteroskedasticity arising from our data.  

5.1. Assessing potential financial flows 

Table 4 shows the outcomes of our first step empirical analysis.  

Our baseline specification is a linear OLS regression with standard errors clustered for country-

pairs, with per capita GDPs or Market Capitalization to control for country dimension and 

traditional gravity variables proxying informational frictions. We gradually add fixed effects and 

drop variables that are collinear with the latter. We keep standard errors clustered for country-

pairs in order to obtain statistics that are robust to heteroskedasticity. 

In general, using GDPs to control for countries’ dimension, all coefficients show the expected 

                                                        

8 Our data show 76,222 observations with the dependent variable equal to 0 and 68,522 other than zero. Due to short positions in 

securities, usually resulting from the sale of securities acquired under repurchase agreements, our dependent variable also shows 

negative values (specifically, we have 76,317 negative observations over a total of 272,850 observations). Since in a PPML 

setting, there cannot be negative values in the dependent variable (Santos Silva and Tenreyro, 2006), in this exercise we took the 

absolute value of the dependent variable. Please note that we have also estimated our gravity model by OLS with all three 

versions of the dataset (original, without observations having negative values in the dependent variable and with dependent value 

transformed in its ab-solute value) and we have actually observed no substantial change in the coefficients 
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significance and signs. Being portfolio investments the subject of our analysis, we also used 

Market Capitalization of domestic listed companies to proxy for the dimension of the financial 

market in origin and destination countries. In this latter case, we registered some changes in the 

coefficients, such as a a change in sign of geographical distance. Market capitalization also 

partially offsets the positive impact of common language, while increasing that of the common 

legal origin dummy. The common currency effect also appears to be exacerbated.  However, it is 

worth recalling that these estimations are still not consistent, because we are not using the 

appropriate set of multilateral resistances (the common colonizer dummy becomes in fact 

positive and significant in columns 9 and 10, with the appropriate fixed effects). Furthermore, 

market capitalization variable allows us to use only half of our observations due to data 

availability.  

To check the consistency of our results with those obtained in the previous literature of financial 

gravity, we have constructed a forest plot containing all the upper and lower coefficients on 

geographical distance from those papers mentioned in the literature review (Figure 6). We chose 

to only compare the coefficients of distance because financial gravity studies use heterogenous 

sets of explanatories and data (see Table 1) and distance is the only variable which is present 

everywhere. The shaded column in the graph represents the upper and lower coefficients 

obtained by us (last two columns in Table 4), fully in line with those from previous studies. 

To sum up, Tab. 4 confirms that LSDV estimation tend to overestimate the parameters of 

financial flows compared to PPML. This pattern is confirmed also gradually augmenting the 

specification with fixed effects. Hence, for the subsequent analysis we rely on estimations from a 

PPML specification controlling simultaneously for the whole full set of fixed effects 
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recommended by the literature. 9 It is worth stressing that we manage to get in this way a very 

high R-squared (0.989) and we believe this estimation procedure is the best to clean our residuals 

as much as possible for unobservable confounders. Of course, we cannot exclude that (at least) 

part of the observability captured by our fixed effect specification could be indeed related to 

“dirty” money-related factors. In this perspective, we could assume that our empirical outcome 

can be seen as prudent estimates of the phenomena under investigation.   

5.2.Residual ranking and analysis 

Once the gravity equation with the full set of fixed effects (country-time, counterpart-time and 

pair fixed effects) has been estimated using PPML to explain as much variability as possible, we 

predict residuals (descriptive in Table 5). Following the procedure employed by Cassetta et al. 

(2014), we construct an anomaly index from studentized residuals, normalizing them on a 0-1 

scale. The decision to use (internally) studentized residuals (e.g. residuals divided by their 

standard deviation) stems from the need to take into account that the errors at different values of 

regressors may differ, even if the variances are the same. Then, we rank observations according 

to the anomaly index (Table 6), assigning rank 1 to the country pair that in a particular year 

registered the most anomalous portfolio investment flow. We notice that, consistently with our 

hypothesis, OFCs often appear within anomalous flows and highlight a clear pattern of anomaly 

that involves high-GDP countries - especially those hosting major financial centers - and as 

“problematic” origins and OFCs and tax havens as anomalous destinations. On the other hand, 

thanks to our identification strategy we are able to trace a global and richer picture of 

“anomalous flows” that are related to a larger set of dyadic relationship that do not necessarily 

                                                        

9 To this end, we use the STATA command ppml_panel_sg (Larch et al, 2017), which enables faster computation of the many 

fixed effects required for panel PPML structural gravity estimation. In particular, it allows us to simultaneously control for the 

large number of pair fixed effects, also absorbing the origin-time and destination-time fixed effects recommended by the theory. 
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include OFCs only.  

We wish to go further and investigate the probability that an observation is an outlier by means 

of the above-mentioned variables, namely Financial Secrecy Index (FSI), Corruption Perception 

Index (CPI), a dummy indicating whether the Country has OFC status, a dummy indicating if the 

country is a member of the EGMONT group10 and Market Capitalization as a percentage of 

GDP. We selected these variables based on the literature on illicit money flows, in particular we 

picked some variables used by Walker and Unger (2009), namely Egmont membership and 

corruption, and financial secrecy and offshore status based on a number of empirical studies in 

this strand of literature, Cassetta et. al (2014) and Leyaeva et al. (2015) among others. To this 

end, we create two dummy variables (𝑂𝑈𝑇2 and 𝑂𝑈𝑇3) that have value 1 if the observation is an 

outlier and 0 otherwise. We use two different thresholds to identify outlier status; as in the 

literature an observation is generally considered an outlier if its studentized residual is above 2 

(OUT2) or 3 (OUT3). 

Using outlier-status dummies as dependent variables, we perform probit estimations using 

different specifications to verify the presence of a probabilistic nexus between being an outlier in 

the global financial flows analysis and measures of the possible presence of “dirty” money flows. 

As we have Financial Secrecy Index data only for 2009, 2011, 2013 and 2015, we use the FSI 

value of previous year to fill the gaps. 11 

Origin and destination Financial Secrecy are positive and significant when taken together (Table 

                                                        

10 EGMONT group is an informal network of Financial Intelligence Units that work on stimulating international cooperation to 

hamper the proliferation of money laundering and terrorism financing networks. 

11 In the Sensitivity Analysis (Section 6) we repeat probit estimation first using only available years, then employing the FSI 

average between the precedent and the following year for those periods where we do not have data as a robustness check. We do 

not observe major changes in our outcomes. 



18 
 

7, columns 1 and 3), meaning that if a pair of countries jointly have a high degree of financial 

secrecy, it is more likely that that country-pair appears as an outlier in the global financial flow 

network. Since financial secrecy is the first element that money launderers and tax 

avoiders/evaders look for when choosing where to allocate their ill-gotten gains - or their assets 

to be hidden from fiscal authorities - this result is the first hint that the hypothesis that high 

residuals may indicate the presence of “dirty” money flows may be correct. 

In columns 2 and 7, we study the impact of corruption on the probability that an observation will 

be an outlier. We add origin and destination Market Capitalization to this regression in order to 

control for financial market dimension (an element already taken in consideration by FSI, which 

is constructed as the secrecy score of a country weighted by its relevance on the global financial 

market). Origin and destination Corruption is always positive and significant, whereas 

destination market capitalization is always negative and significant, meaning that it impacts 

negatively on the probability of being an outlier - which is in line with the hypothesis that the 

dimension of the market of a country is inversely proportional to the incentives it has to 

eventually support “dirty” capital access (supporting the hypotheses of Gnutzmann et al., 2010). 

In columns 3 and 8, we mix and match the variables used so far combining origin Corruption and 

destination Financial Secrecy because we think first that profits from corruption also have to be 

“laundered” and second that it may also lead corrupt market operators in the countries of origin 

to invest “dirty” money on the global financial market on behalf of a criminal organization. In 

fact, with the lower threshold both coefficients are positive and significant, even if using the 

dependent variable obtained with the more restrictive threshold destination Financial Secrecy 

completely loses significance, while Corruption perception shows lower significance. The 

positive impact that financial secrecy and corruption perception jointly have on the probability 
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that an observation is an outlier, i.e. on the presence of “dirty” money flows, is supported by a 

number of studies, including one by Ledyaeva et al. (2015) showing that FDI from OFCs is 

positively associated with corruption onshore and that this relation is increasing in OFC’s 

financial secrecy.  

In columns 4 and 9, the Offshore status of the destination Country seems to have no impact on 

the probability that a country-pair is an outlier, but our results underline that if the origin country 

is an OFC, it is less likely that it is part of an anomalous country pair. This is also a key outcome 

of our analysis. It may suggest in the first place that problematic flows may generate from “non-

offshore” countries aiming at exploiting the secrecy differentials offered by secrecy jurisdictions. 

Also, the latter result, together with the positive and significant coefficient on Financial Secrecy 

supports the reason why the Financial Secrecy Index has been created in the first place which 

was to shift the attention from “offshoreness” to secrecy offered by some jurisdictions“ (Cobham 

et al., 2015) in search for an operational definition of ”offshoreness” itself, that turns out to be a 

matter of degree more than a binary concept. Finally, in columns 5 and 10, we test the impact of 

EGMONT group membership, always observing a positive and statistically significant impact of 

the membership of origin country and a negative impact of the destination country’s 

membership, meaning that anomalous flows are more likely to be directed towards jurisdictions 

that are less cooperative with the global anti money laundering system. 

6. Sensitivity Analysis 

In this section we perform some robustness checks on the second-step of our analysis, i.e. on the 

probit estimation of the impact that variables related with “dirty” money flows have on the 

probability that an observation is an outlier. 

First, as for the right-hand side variables, since we have Financial Secrecy data only for 2009, 
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2011, 2013 and 2015, we provide here a set of possible alternative specifications:  i) by using the 

FSI value of previous year to fill the gaps; ii) by using only available years; iii) by using the FSI 

average between the precedent and the following year for those periods where we do not have 

data. In all cases we do not observe significant changes in the outcomes (Tables 8 and 9).  We do 

not include country and counterpart fixed effects in this step of the analysis since we have 

already controlled for characteristics of origin and destination countries in the gravity model 

estimation. However, we also tried to augment probit estimation with time fixed effects , without 

observing relevant changes in the sign and magnitude of the coefficients.  

Second, we test the method employed to check the relation between residuals from first-step 

estimation and “dirty” money-related factors. As Lewis and Linzer (2005) note, the second 

regression residual can be thought of as having two components. The first is sampling error and 

the second component is the random shock that would have been obtained even if the dependent 

variable were directly observed. The usual approaches to Estimated Dependent Variable (EDV) 

regression are either to run second step regressions ignoring heteroscedasticity resulting from the 

first component of the residual, or to run a weighted least squares (WLS) model assuming that 

the entire residual is heteroscedastic. Both approaches are inefficient and may produce 

inconsistent estimates. Using feasible generalized least squares (FGLS) estimator instead, we can 

significantly improve the efficiency of the estimates (Lewis and Linzer, 2005). In order to check 

whether the results provided by probit are correct, we will use a FGLS estimator directly using 

studentized residual as dependent variable. This will also allow us to say something more on the 

impact that regressors may have directly on the level of studentized residuals. We use the same 

combinations of variables we have employed for probit estimations and apply two different 

restrictions on dependent variables, to introduce the hypothesis that residuals of outlier 
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observations may be partly determined by some factors not included in the traditional gravity 

estimation which are those indicating the presence of “dirty” money transfer activities. To 

replicate the “anomaly effect” detected by applying the probit, we use here interactions to test the 

impact of explanatories on the probability that an observation is “anomalous”. The first 

restriction is obtained interacting the explanatories with the dummy 𝑂𝑈𝑇2 (which - we recall - 

takes the value 1 if an observation has a studentized residual that exceeds 2), and it applies to 

2426 observations (Table 10). 

The second restriction is obtained by interacting the explanatory variables with another dummy, 

named AM, which takes value 1 if that observation’s studentized residuals are above the mean of 

the full distribution (Table 11). Of course in this case, we capture many more observations and 

precisely, 17,934. 

The results we obtain through FGLS confirm that financial secrecy of origin and destination 

countries - as well as corruption in the country of origin - impact on the level of uncertainty that 

a gravity model of financial flows does not capture. Also, the offshore status of origin and 

destination countries has a significant impact on the level of anomaly of an observation. In sum, 

estimates obtained by EDV approach strongly support our hypotheses and largely confirm the 

results obtained by probit estimation. 

Third, looking at the ranking of the anomalies arising from the estimation of the financial gravity 

model, it could be argued that the pairs resulting as outliers are so peculiar that would appear 

anomalous with any kind of possible empirical flows. To show that the anomalies we have found 

are specific to portfolio investment transactions, we conducted a Spearman test on the anomaly 

index. To this end, we estimated two more gravity equations with the same full fixed effects 

specification, using as dependent variables Trade (total import flows from UN COMTRADE) 
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and FDI flows (from the Coordinated Direct Investment Survey (CDIS), IMF)12. We then 

produced an anomaly index as in the main analysis and tested if the ranking from our main 

specification was correlated with these other two. As shown in Table 12, the correlation 

coefficient is very low for both alternative dependent variables. This supports our identification 

strategy, confirming that the anomalies resulting from our first-step estimation are specific to 

portfolio investment flows but also maintaining that the same strategy could be further exploited 

to analyze other kinds of flows that may contain illicit transactions. 

7. Conclusions 

In this paper we have estimated a gravity model of financial flows, as proposed by Okawa and 

Van Wincoop (2012), in order to study its residuals and assess patterns of anomaly that could be 

related to “dirty” money flows. Acknowledging that it is not advisable to try to identify “dirty” 

money flows directly, we suggest focusing on anomalies in official statistics instead, also given 

the unavailability of reliable data on the actual direction and amount of money laundering 

activities.  

To the best of our knowledge, our paper is the first empirical estimation exercise of Okawa and 

Van Wincoop’s (2012) theoretical model and the first attempt to estimate a global picture of 

anomalous financial flows based on robust theoretical underpinnings. Although the gravity 

estimation of financial flows was not the main purpose of this work, we show that social, 

geographic and economic characteristics actually matter when considering the size and direction 

of financial flows. After obtaining “clean” residuals from a robust estimation, augmented with 

                                                        

12 Due to data availability for CDIS, we estimated the latter two gravity models only us-ing years 2008 - 2015. We considered 

residuals from the specification with portfolio investments for only those years as well. 
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country-time, counterpart-time and pair fixed effects to control for all possible sources of 

variability, we computed and ranked studentized residuals of the model and found that the most 

anomalous flows actually involve OFCs or jurisdictions, but not only. We also find non-offshore 

jurisdictions but with a high degree of financial secrecy. This may indicate that financial secrecy 

surpassing a certain threshold together with other factors related to “dirty” money are capable of 

diverting actual financial flows with respect to the theoretical path and this does not relate only 

to OFCs status. 

We also assess the probability of an observation to be an outlier conditional on the presence of 

some characteristics such as FSI, CPI, OFC status and EGMONT membership. We check 

whether those variables have a causal relation with the level of studentized residual of country-

pairs and whether this effect is different for outliers and non-outliers. We found that while 

financial secrecy, corruption and the offshore status have in general a positive and significant 

impact on the probability that an observation will be anomalous, EGMONT membership has a 

negative impact for the destination country and a positive one for the country of origin. In other 

words, the countries that are less cooperative with the global effort to enhance transparency and 

an exchange of information in financial field are also those that systematically register 

overabundant financial flows in a well specified gravity framework. Note that since part of the 

”illicit“ flows may also have been captured by fixed effects, we can assume our empirical 

analysis as a prudent estimate of the phenomena at hand. Finally, we carefully tested for 

sensitivity of our empirical estimates with respect to non-financial data to make sure that the 

anomalies we assessed were specific to portfolio investments and did not depend on some 

unobserved structural anomaly of those country-pairs that would have made them appear 

anomalous with any kind of dependent variable. 
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The results of this paper are oriented towards fostering theoretical underpinnings of gravity 

equations of ”dirty“ financial flows, avoiding the construction of ad hoc equations. We believe 

our approach is indeed consistent with the theory and that it could deliver a picture of a global 

proxy of ”dirty“ money flows which is more credible than that from previous empirical 

approaches,  making it possible to exploit the potential of official and public data to this end. 

Our work has several policy implications. First, it confirms that anomalies in financial statistics 

may be a warning sign that “dirty“ money flows are present. Second, it highlights that it would 

be appropriate to investigate anomalous “couples of countries“ rather than focusing on single 

risky destinations. In fact, since distance and other social, geographical and economic 

characteristics matter in the distribution of asset flows at a global level, they also matter in the 

distribution of “dirty“ money flows. This means that rather than relying on “black lists“ of tax 

havens and Offshore Financial Centers, it would be more practical to consider financial secrecy 

as a matter of degree and consider how each country’s regulation interacts with others rather than 

simply establishing a threshold of compliance below which a jurisdiction becomes ”blacklisted“ 

or ”risky". 
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Tables 

 

 

 

Table 1: Selected empirical studies 

Paper  Sample  Years  O.FE  D.FE  T.FE  Pair FE  Inter.FE  OLS  PPML  Oth.  

Ghosh, Wolf (2000)  7 origins  1990-1994       CS    

Portes, Rey and Oh (2001)  1 to 40  1988-1998    X      

Portes and Rey (2004)  16  1989-1996  X X X      

Buch (2005)  5 to 50  1983, 1999       CS    

Aviat and Coeurdacier (2005)  19 to 62  2001  X X       

Coeurdacier and Martin (2008)  27 to 61  2001  X X       

Papaioannou (2008)  19 to 50  1984-2002  X X X X O-T     

Lane, Milesi Ferretti (2008)  n/a  2001  X X    CS   IV, Tobit  

Aggarwal et al. (2011) pt.1  174 to 50  2001-2007       PA    

Aggarwal et al. (2011) pt.2  174 to 50  2001-2007       PA    

Karolyi (2016)  62  2001-2012  X X X   PA  X  

Eichengreen et al. (2008)  70  2001-2003   X  X    RE(D)  
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Table 2: Offshore financial centers in the sample 

 

 

 

 

 

 

 

Aruba Anguilla

Bahrain Antigua and Barbuda 

Barbados Aruba

Bermuda Bahrain

Cayman Islands Barbados

Costa Rica Belize

Cyprus Bermuda

Gibraltar Cayman Islands

Ireland  Cook Islands

Latvia Costa Rica

Lebanon Cyprus

Luxembourg Dominica

Malta Gibraltar

Mauritius Grenada

Netherlands Ireland

Antilles Latvia

Palau Lebanon

Panama Luxembourg

Singapore Malta

Switzerland Marshall Islands

Uruguay  Mauritius

Vanuatu Montserrat

Nauru

Netherlands Antilles

 Palau

Panama

Samoa

Seychelles

Singapore 

Switzerland

Uruguay

Vanuatu 

Origin Countries Destination Countries 
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Table 3: Source and description of variables 

 

 

Table 4: Gravity model estimations with traditional variables 

Market Capitalization World Bank’s WDI Market capitalization of listed domestic companies (% of GDP) 

OFC Zoromé (2007), IMF and FSF 1 if the country is considered an OFC according to one of the three listings 

EGMONT Egmont website 1 if the country is part of the Egmont group in that year 

FSI Tax Justice Network Financial Secrecy Index, data for every other year from 2008 to 2015 

CPI Transparency International Corruption Perception Index, yearly from 2001 

Common Religion CEPII GeoDist database 1 if the country-pair has had common religion 

Common Legal System CEPII GeoDist database 1 if the country-pair has common legal system’s origin after colonial transition 

Common Language CEPII GeoDist database 1 if the country-pair has common official language, 0 otherwise. 

Common Colonizer CEPII GeoDist database 1 if the country-pair has had common official colonizer 

Common Currency CEPII gravity database 1 if the country-pair is in a currency union in that year 

Distance CEPII GeoDist database Bilateral distance between biggest cities weighted by share in overall population, in logs 

Variable Source Description 

GDPs CEPII gravity database Per Capita GDPs from World Bank’s World Development Indicators (USD), in logs 
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Table 5: Residuals statistics 

 

 

Table 6: Top 40 outliers 
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Table 7: Probit estimation with gaps filled by previous year’s FSI 

 

 

 

 

 

 

Table 8: Probit estimation with only available years for FSI 

 

 

 

 

 

 



36 
 

 

 

 

 

 

 

Table 9: Probit estimation with gaps filled by average FSI of previous and following year 
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Table 10: FGLS estimation with interactions with OUT>2 
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Table 11: FGLS estimation with interactions with AM 
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Table 12: Spearman tests on anomaly indexes 
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Figures’ captions 

Figure 1: Geographic breakdown of portfolio investment flows 

Figure 2: Portfolio investment flows to OFCs by region of destination 

Figure 3: Break-down of Portfolio Investment Flows between OFCs and non-OFCs 

Figure 4: Growth of portfolio investment flows to OFCs and non-OFCs 

Figure 5: Financial Secrecy in OFCs and non-OFCs 

Figure 6: Forest plot of coefficients of distance 
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Figures 

 

Figure 1: Geographic breakdown of portfolio investment flows 

 

Figure 2: Presence of investment to OFCs by region of destination 
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Figure 3: Break-down of Portfolio Investment Flows between OFCs and non-OFCs 

 

Figure 4: Growth of portfolio investment flows to OFCs and non-OFCs 
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Figure 5: Financial Secrecy in OFCs and non-OFCs 

 

Figure 6: Forest plot of coefficients of distance 
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Appendix 

Okawa and Van Wincoop (2013) derive a theoretical foundation of a gravity equation for cross-

border asset holdings in a one-good, two-period, N country framework. They assume there are 

𝑁 + 2 assets. The gravity equation they derive refers to the first 𝑁 assets, which are country-

specific risky assets. Okawa and Van Wincoop refer to them as equities. In the Okawa and Van 

Wincoop model, the supply of assets in country 𝑖 is 𝐾𝑖 (one can think of this as capital stock). 

The equity claim of country 𝑖 has a real payoff of 𝐷𝑖 in the second period, where 

𝐷𝑖 = 1 + 𝜖𝑖 + 𝜃𝑖𝜖𝑔 (1) 

𝜖𝑖 is a country-specific payoff innovation and 𝜖𝑔 is a global payoff innovation. Although the 𝜖𝑖s 

are uncorrelated across 𝑖s and with 𝜖𝑔, the authors allow the response to the global innovation to 

be country-specific. They assume that 𝜖𝑔 has mean of 0 and variance 𝜎𝑔
2. 

The price of a country 𝑖 equity claim in the first period is 𝑄𝑖. The second asset is a riskfree bond 

that is in zero net supply. It has a period 1 price of 𝑄𝑓. Then, there in an asset whose return is 

perfectly correlated with the global shock, also in zero net supply, with a period 1 price of 𝑄𝑔 

and a period 2 payoff of 

𝐷𝑔 = 1 + 𝜃𝑔𝜖𝑔 (2) 

We can rewrite the returns on the assets as: 

𝑅𝑖 =
𝐷𝑖

𝑄𝑖
   (3) 

𝑅𝑓 =
1

𝑄𝑓
  (4) 



45 
 

𝑅𝑔 =
𝐷𝑔

𝑄𝑔
  (5) 

The global asset allows agents to hedge the global risk factor, so that the only risk with an impact 

on portfolio allocation across the 𝑁 equities is the country-specific risk. This simplification of 

the portfolio allocation problem is critical to derive a gravity equation for bilateral asset 

holdings. 

Okawa and Van Wincoop describe three ways to interpret the global asset. One is as a global 

equity futures contract, allowing one to buy or sell a claim on the global equity payoff at a 

futures price of 𝑓𝑔. The payoff of this contract is 

1 + 𝜃𝑔𝜖𝑔 + ∑ (𝑁
𝑖=1 𝐾𝑖/𝐾)𝜖𝑖 − 𝑓𝑔  (6) 

where 𝐾 is the global capital stock and 𝜃𝑔 = ∑ (𝑁
𝑖=1 𝐾𝑖/𝐾)𝜃𝑖. The payoff depends on the global 

shock through 𝜃𝑔𝜖𝑔 in the same way as the assumed global asset. It is not the same as the 

assumed global asset when the third term that depends on the idiosyncratic shocks is not zero 

but, as a result of the law of large numbers, this term will be close to zero when there are many 

small countries. 

A second possibility is to interpret the global asset as an equity futures contract on a set of 

multinational firms (for which country specific shocks play less of a role), and a third is to 

interpret the global asset as a derivative whose payoff is specifically connected to shocks that 

affect the entire world economy (such as an oil price futures contract). Pointing out that each of 

these interpretations has limitations, the authors discuss how results change not allowing for such 

an asset. 

Agents in country 𝑗 are born with an endowment of 𝑌𝑗 in period 1 plus a claim on all country j 

equity. The wealth of country 𝑗 agents after period 1 consumption is 



46 
 

𝑊𝑗 = 𝑌𝑗 + 𝑄𝑗𝐾𝑗 − 𝐶𝑗
1    (7) 

where 𝐶𝑗
1 is period 1 consumption. 

In period 1 agents decide how much to consume and how to allocate the remainder of the wealth 

across the 𝑁 + 2 assets. The budget constraint is 

𝐶𝑗
2 = 𝑊𝑗𝑅𝑗

𝑝 = (𝑌𝑗 + 𝑄𝑗𝐾𝑗 − 𝐶𝑗
1)𝑅𝑗

𝑝
  (8) 

where the portfolio return is 

𝑅𝑗
𝑝 = ∑ 𝛼𝑖𝑗

𝑁
𝑖=1 𝑅𝑖 + 𝛼𝑔𝑗𝑅𝑔 + 𝛼𝑓𝑗𝑅𝑓  (9) 

where 𝛼𝑖𝑗 is the fraction invested in country 𝑖 equity, 𝛼𝑔𝑗 that invested in the global asset and 𝛼𝑓𝑗 

that invested in the riskfree one. These portfolio shares sum to 1. 

Agents maximize 

(𝐶𝑗
1)1−𝛾

1−𝛾
𝛽

𝐸(𝐶𝑗
2)1−𝛾

1−𝛾
  (10) 

with first order conditions for consumption and portfolio choice 

(𝐶𝑗
1)−𝛾 = 𝛽𝐸(𝐶𝑗

2)−𝛾𝑅𝑗
𝑝
 (11) 

𝐸(𝐶𝑗
2)−𝛾𝑅𝑖𝑅𝑓 = 0  (12) 

𝐸(𝐶𝑗
2)−𝛾𝑅𝑔𝑅𝑓 = 0  (13) 
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where (10) is the standard consumption Euler equation that represents the tradeoff between 

consumption in periods 1 and 2, (11) is a portfolio Euler equation that represents the tradeoff 

between investment in the global and riskfree asset. Equation (12) is a portfolio Euler equation 

that represents the tradeoff between investment in the global and riskfree assets. 

The market clearing conditions for country 𝑖 equity, the global asset and the riskfree asset are 

∑ 𝛼𝑖𝑗
𝑁
𝑗=1 𝑊𝑗 = 𝑄𝑖𝐻𝑖  (14) 

∑ 𝛼𝑔𝑗
𝑁
𝑗=1 𝑊𝑗 = 0  (15) 

∑ 𝛼𝑓𝑗
𝑁
𝑗=1 𝑊𝑗 = 0  (16) 

And period 1 and 2 market clearing conditions are 

∑ 𝐶𝑗
1𝑁

𝑗=1 = ∑ 𝑌𝑗
𝑁
𝑗=1   (17) 

∑ 𝐶𝑗
2𝑁

𝑗=1 = ∑ 𝐷𝑗
𝑁
𝑗=1   (18) 

Okawa and Van Wincoop assume that domestic agents are more informed than foreigners about 

the idiosyncratic payoff innovations on domestic equity claims due to differences in language, 

regulatory similarities and easier access to local information. For agents in country j, 𝜖𝑖 has a 

mean of 0 and variance 

𝜏𝑖𝑗𝜎𝑖
2  (19) 

Information asymmetry is therefore captured by 𝜏𝑖𝑗 > 𝜏𝑖𝑖 when 𝑖 ≠ 𝑗. This assumption is 

fundamental for the derivation of a gravity equation for asset trade, as differently from good 

trade, the first one necessarily involves risk. When introducing financial frictions, it is therefore 

natural to relate them to risk. In solving the model the authors apply the local approximation 



48 
 

solution method developed by Tille and Van Wincoop (2010) and Devereux and Sutherland 

(2011) to derive portfolio demand. 

They decompose the model variables across components of different orders, where the zero order 

component 𝑥(0) is the value of x when all standard deviations of model innovations approach 

zero. The first-order component is therefore proportional to model innovations, the second order 

component is proportional to variance and so on. There are a total of 𝑁2 + 5𝑁 + 4 variables in 

the model: 𝑁2 + 𝑁 portfolio shares 𝛼𝑖𝑗, 𝛼𝑔𝑗; N+2 asset prices 𝑄𝑖 , 𝑄𝑔 and 𝑄𝑓 ; N+2 

corresponding asset returns; N period 1 consumption variables 𝐶𝑖,1 and N period 2 consumption 

variables 𝐶𝑖,2. There are 𝑁2 + 5𝑁 + 6 equations, 𝑁 + 𝑁2 portfolio Euler equations; N 

consumption Euler equations; N+2 asset market clearing conditions; 2 goods market clearing 

conditions; N+2 definitions of asset returns; and N budget constraints. 

As there are two periods, the authors drop two equations (due tu Walras law), namely market 

clearing conditions for riskfree and global assets. Imposing the zero-order components of all 

equations, they obtain 

𝑅𝑖(0) = 𝑅𝑓(0) = 𝑅(0) =
1

𝛽
(

𝑌𝑤

𝐷𝑤
)

−1

𝛾
  (20) 

𝑄𝑖(0) = 𝑄𝑔(0) = 𝑄𝑓(0) =
1

𝑅(0)
  (21) 

𝐶𝑖,1(0) =
𝛽

−1
𝛾 𝑅(0)

1−1
𝛾

1−𝛽
−1
𝛾 𝑅(0)

1−1
𝛾

(𝑌𝑖 + 𝑄𝑖(0)𝐾𝑖) (22) 

𝐶𝑖,2(0) = 𝑊𝑖(0) + 𝑅(0)   (23) 

∑ 𝛼𝑖𝑗
𝑁
𝑗=1 (0)𝑊𝑗(0) = 𝐾𝑖𝑄𝑖(0)  (24) 
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where 𝑌𝑤 = ∑ 𝑌𝑖
𝑁
𝑖=1  , 𝐷𝑤 = ∑ 𝐷𝑖

𝑁
𝑖=1  and 𝑊𝑗(0) = 𝑌𝑗 + 𝑄𝑗(0)𝐾𝑗 − 𝐶𝑗1(0). 

The next step of the solution is imposing the second order component of all portfolio Euler 

equations (without taking the difference across countries). This gives the authors a solution to the 

second-order component of the N equilibrium expected excess returns. 

Imposing the first order components of all equations gives 

𝐸(𝑅𝑖(1)) = 𝐸 (𝑅𝑔(1)) = 𝐸 (𝑅𝑓(1))  (25) 

𝑅𝑔(1) = 𝑅(0)(𝜖𝑖 + 𝜃𝑖𝜖𝑔)    (26) 

𝑅𝑔(1) = 𝑅(0)𝜃𝑔𝜖𝑔     (27) 

𝑅𝑓(1) = 𝑄𝑓(1) = 𝑄𝑖(1) = 𝑄𝑔(1) = 0  (28) 

𝐶𝑗1(1) = 0      (29) 

𝐶𝑗2(1) =  𝑊𝑗(0)𝑅𝑗
𝑝(1) = 𝑊𝑗(0)(∑ 𝛼𝑖𝑗(0)𝑅𝑖(1) + 𝛼𝑔𝑗(0)𝑅𝑔(1)𝑁

𝑖=1 )  (30) 

Next they impose the second-order component of the portfolio Euler equations. This gives 

𝐶𝑗2(0)𝐸 (𝑅𝑖(2) − 𝑅𝑓(2)) = 𝛾𝐸𝐶𝑗2(1)(𝑅𝑖(1) − 𝑅𝑓(1))  (31) 

𝐶𝑗2(0)𝐸 (𝑅𝑔(2) − 𝑅𝑓(2)) = 𝛾𝐸𝐶𝑗2(1)(𝑅𝑔(1) − 𝑅𝑓(1))  (32) 

 

Using the result in (27) that 𝑅𝑓(1) = 0 and the expression for 𝐶𝑗2 in (29), (30) and (31) can be 

rewritten as 

1

𝑅(0)
𝐸 (𝑅𝑖(2) − 𝑅𝑓(2)) = 𝛾𝜎𝑔

2𝜃𝑖(∑ 𝛼𝑘𝑗(0)𝜃𝑘 + 𝛼𝑔𝑗(0)𝜃𝑔
𝑁
𝑘=1 ) + 𝛾𝛼𝑖𝑗(0)𝜎𝑖

2𝜏𝑖𝑗  (33) 
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1

𝑅(0)
𝐸 (𝑅𝑔(2) − 𝑅𝑓(2)) = 𝛾𝜎𝑔

2𝜃𝑖(∑ 𝛼𝑘𝑗(0)𝜃𝑘 + 𝛼𝑔𝑗(0)𝜃𝑔
𝑁
𝑘=1 )    (34) 

 

Substituting (32) in (33) yields 

𝛼𝑖𝑗(0) =
1

𝛾𝑅(0)𝜎𝑖
2𝜏𝑖𝑗

[(𝐸 (𝑅𝑖(2) − 𝑅𝑓(2))) −
𝜃𝑖

𝜃𝑗
𝐸 (𝑅𝑔(2) − 𝑅𝑓(2))]  (35) 

which is the expression for equity portfolio shares. R is therefore the zero order component of 

asset returns, which is the same for all assets. 

Portfolio shares depend on the ratio of the expected excess return (second-order component) and 

the variance of the excess return. Both remove the global components as global risk can be 

separately hedged. 

At this point, define 

1

𝑝𝑖
=

1

𝛾𝑅𝜎𝑖
2 [𝐸(𝑅𝑖 − 𝑅𝑓) −

𝜃𝑖

𝜃𝑗
(𝑅𝑔 − 𝑅𝑖)] (36) 

 

The variable 𝑝𝑖 is proportional to a return risk ratio: the amount of country-specific risk of asset i 

as captured by the variance 𝜎𝑖
2, divided by the expected excess return. The higher 𝑝𝑖 the lower 

the demand for the asset. The variable 𝑝𝑖 is endogenous and it depends on the second order 

component of the expected excess return that in equilibrium adjusts to clear equity markets 

through second-order changes in asset prices. Given the definition of 𝑝𝑖, portfolio allocation 

becomes 

𝛼𝑖𝑗 =
1

𝜏𝑖𝑗𝑝𝑖
  (37) 
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We can interpret 𝜏𝑖𝑗𝑝𝑖 as the price (risk return ratio) faced by agents from country j investing in 

country i. We write total equity holdings by agents from country j as 

𝐸𝑗 = ∑ 𝛼𝑖𝑗
𝑁
𝑖=1 𝑊𝑗 (38) 

and substituting (36) yields 

𝑊𝑗 = 𝐸𝑗𝑃𝑗   (39) 

where 

1

𝑃𝑗
= ∑

1

𝜏𝑖𝑗𝑝𝑖

𝑁
𝑖=1   (40) 

Therefore, we can write the total equity claim 𝑋𝑖𝑗 = 𝛼𝑖𝑗𝑊𝑗 by country j on country i as 

𝑋𝑖𝑗 =
𝑃𝑗

𝜏𝑖𝑗𝑃𝑖
𝐸𝑗  (41) 

Bilateral asset demand depends on a relative price: the “price” (risk return ratio) of country i 

equity relative to an overall price index. Similar to goods trade, a gravity specification is now 

derived by combining this demand equation with a set of market clearing equations. The asset 

market clearing condition for country i equity is 

∑ 𝑋𝑖𝑗
𝑁
𝑗=1 = 𝑆𝑖  (42) 

where 𝑆𝑖 = 𝑄𝑖𝐾𝑖 is the country i equity supply. Also define 𝐸 = 𝑆 = ∑ 𝐸𝑗
𝑁
𝑗=1 = ∑ 𝑆𝑖

𝑁
𝑖=1  as the 

world demand and supply of equity. Then (41) gives the following solution for 𝑝𝑖: 

𝑝𝑖 =
𝑆

𝑆𝑖

1

𝛱𝑖
  (43) 

where 
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1

𝛱𝑖
= ∑

𝑃𝑗

𝜏𝑖𝑗

𝑁
𝑗=1

𝐸𝑗

𝐸
 (44) 

Then, substituting the solution for 𝑝𝑖 back into (39) and (40) we get the gravity specification for 

bilateral asset holdings: 

𝑋𝑖𝑗 =
𝑆𝑖𝐸𝑗

𝐸

𝛱𝑖𝑃𝑗

𝜏𝑖𝑗
  (45) 

1

𝑃𝑗
= ∑

𝛱𝑖

𝜏𝑖𝑗

𝑁
𝑖=1

𝑆𝑖

𝑆
  (46) 

1

𝑃𝑖𝑖
= ∑

𝛱𝑗

𝜏𝑖𝑗

𝑁
𝑗=1

𝐸𝑗

𝐸
 (47) 

𝑃𝑗𝐸𝑗 = 𝑊𝑗  (48) 

For given asset supplies 𝑆𝑖, wealth 𝑊𝑗 and bilateral frictions 𝜏𝑖𝑗, the set composed of the last 

three equations can be used to joinly solve for 𝑃𝑗, 𝛱𝑖 and 𝐸𝑗 for 𝑖 = 1, . . . , 𝑁 and 𝑗 = 1, . . . , 𝑁, 

together with (44) that determines bilateral asset holdings 𝑋𝑖𝑗. 

Euqation (44) implies that 𝑋𝑖𝑗 are driven by a size factor - i.e. the product of total equity holdings 

of 𝑗, 𝐸𝑗 , and the supply of equity 𝑆𝑖 of country 𝑖, divided by the world demand or supply. The 

second factor is a relative friction 

𝜏𝑖𝑗

𝛱𝑖𝑃𝑗
  (49) 

Here, 𝛱𝑖 and 𝑃𝑗 are multilateral resistance variables that measure the average financial frictions 

for countries 𝑖 (destination) and 𝑗 (source). Given the size factor 
𝑆𝑖𝐸𝑗

𝐸
, it is this relative financial 

friction that drives 𝑋𝑖𝑗. To understand why bilateral asset holdings are driven by this relative 

friction and not just by 𝜏𝑖𝑗, consider country j. Investors from j invest a total of 𝐸𝑗 in equity. The 
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will allocate more to countries for which 𝜏𝑖𝑗 is low in comparison to the average financial 

friction 𝑃𝑗 that it faces relative to all destination countries. The relative financial friction in (48) 

is also affected by the multilateral resistance 𝛱𝑖 of the destination country. When 𝛱𝑖 is high, 

country i faces high financial frictions with many source countries. In order to generate 

equilibrium in the market for i equity, it will have to offer a low price 𝑝𝑖 through a high expected 

return. For a given bilateral barrier 𝜏𝑖𝑗 this will raise 𝑋𝑖𝑗. 

 


